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In this letter, we propose a hybrid optical fiber-apertured cantilever probe for optical near-field
applications. A thermal SiO2 cantilever beam with a SiO2 pyramidal tip was formed by Si
micromachining technique and bonded with an optical fiber using a polyimide adhesive layer. A
subwavelength aperture at the apex of the SiO2 tip was formed by etching the SiO2 in a buffered-HF
solution. Optical near-field imaging in contact mode was observed with the fabricated probe. The
probe could work in contact mode because the cantilever at the end of the fiber can flexibly move
on the sample surface. By detecting the far-field light which is reflected-back by the tip of the
cantilever, the vibration of the cantilever was observed using the probe itself. With the proposed
structure, a hybrid fiber bundle-apertured cantilever array is feasible for application in parallel
near-field processing or data storage. © 2001 American Institute of Physics.
@DOI: 10.1063/1.1416475#A near-field scanning optical microscopy ~NSOM! probe
is the most crucial tool for near-field, nano-optics.1 Nor-
mally, a tapered, metalized optical fiber having a small opti-
cal aperture is utilized as the NSOM probe.2 An optical fiber
based probe is advantageous in coupling and guiding light
from the light source to the aperture or vice versa from the
aperture to the detector. However, the conventional optical
fiber based NSOM probes have several disadvantages as the
following: ~i! fabrication process is not suited for mass pro-
duction, ~ii! aperture size and tip shape is difficult to control,
~iii! optical throughput ~i.e., the ratio of near-field and corre-
sponding far-field intensities! is low, ~iv! mechanical prop-
erty of the fiber tip is poor, ~v! control of tip–sample distance
is quite complicated, and ~vi! difficult to utilize fiber probe
for applications that require an array of nanolight sources.
Presently, Si micromachined cantilevers have been de-
veloping for NSOM applications by several groups to over-
come drawbacks of the optical fiber based probes.3–11 Re-
cently, Si micromachined probes having a small aperture at
the apex of a SiO2 tip were proposed. The fabrication process
was batch processed and the reproducibility was very
high.9,10 Measurement and simulation results proved that op-
tical throughput of the SiO2 aperture tip was very high. For
instance, a 100 nm SiO2 aperture tip yields an approximately
1022 optical throughput.11 Other hybrid structures of the op-
tical fiber and apertured tip were proposed.12,13 In this letter,
we report on a type of NSOM probe we developed: hybrid
optical-fiber and apertured cantilever to take advantage of
both optical fiber and apertured cantilever for parallel near-
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Structure of the probe is schematically shown in Fig. 1.
Far-field light is guided by the core of the fiber and illumi-
nates the apertured tip. Since the opening angle of the SiO2
tip is very large, the cutoff effect is minimized and the opti-
cal throughput of the probe is improved. Moreover, the far-
field light which is reflected back by the tip of the cantilever
can be utilized to monitor the deflection or vibration of the
cantilever, i.e., to monitor the tip–sample distance by the
probe itself.
The fabrication process is drawn in Fig. 2 ~dimensions
are not to scale!. Briefly, an pyramidal etch pit or etch pit
array is formed on a Si wafer @n type, resistivity 0.01–0.1 V
cm, 200-mm-thick ~100! orientation# by etching the Si in a
tetramethyl ammonium hydroxide ~step 1!. Next, the wafer is
oxidized in wet oxygen at 950 °C for 10 h ~approximately
1-mm-thick! and followed by a Cr sputtering ~about 100-nm-
thick! ~step 2!. Next, the structure of the cantilevers on the
wafer is patterned by photolithography, Cr and SiO2 etching
~step 3!. For bonding with the optical fiber, a polyimide col-
FIG. 1. Schematic diagram of the hybrid optical fiber-apertured cantilever
probe.0 © 2001 American Institute of Physics
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Next, the wafer is etched through with a deep-reactive ion
etching ~step 5!. At this step, more than 3000 Si columns are
obtained on a 232 cm2 Si wafer. Next the Si column ~125-
mm-diameter! is bonded with the optical fiber ~125-mm-
diameter! in a glass capillary ~127-mm-diameter! at 360 °C
~step 6!. After bonding, the fiber-Si column combination is
taken away from the capillary and the Si base is then com-
pletely etched in a XeF2 dry etching until forming a SiO2
cantilever having a SiO2 tip at the end of the fiber. XeF2 was
chosen because of its outstanding selectivity of etching of the
Si and the SiO2. The aperture at the apex of the tip is created
by etching the SiO2 in a buffered-HF ~50% HF:40% NH4F, 9
cc:100 cc! ~step 8!. As reported in Ref. 9, since the thickness
of the low temperature grown SiO2 tip at its apex is thinnest,
as small as 25-nm aperture can be created by the etching
technique. Finally, the Cr film is removed and an approxi-
mately 100-nm-thick opaque layer ~Al! is entirely coated on
the lower side of the probe ~step 9!.
A scanning electron microscopy ~SEM! image of the
fabricated probe is shown in Fig. 3~a!. A typical SEM image
of the fabricated aperture with approximately 250-nm-
diameter is shown in Fig. 3~b!. The diameter of the cladding
and the core of the single mode optical fiber are 125-mm and
5-mm, respectively. The width and the length of the cantile-
ver beam are 35 mm and 60 mm, respectively. The size of the
tip is 20320 mm2. It is seen that the accuracy of the align-
ment between the core and the aperture tip is very essential.
In this fabrication process, a misalignment of several mm
was found.
To concentrate more light at the aperture, a glass ball
lens was put on the upper side of the SiO2 tip before the
assembling step. Figure 3~c! shows the SiO2 cantilever probe
on a Si column, where a glass ball lens of 14 mm was in-
serted by manipulation using a sharp metal tip under a mi-
FIG. 2. Fabrication process of the hybrid optical fiber-apertured cantilever.Downloaded 01 Dec 2008 to 130.34.135.83. Redistribution subject tocroscope. The ball is attached to the metal tip by an electro-
static force and then inserted into the tip.
Using the fabricated probe of hybrid optical fiber-
apertured cantilever, a near-field image was observed in con-
tact mode. A schematic diagram of the measurement setup is
shown in Fig. 4~a!. The probe is mounted on a holder. A
charge coupled device camera is used to observe the ap-
proaching of the probe on the sample. A pulsed laser diode
beam ~wavelength: 670-nm and power: few mW! was
FIG. 3. ~a! SEM image of the fabricated probes, ~b! SEM image of the
typical aperture with approximately 250-nm-diameter, and ~c! optical image
of the SiO2 cantilever structure on the Si column with glass ball lens before
bonding with the fiber. The ball lens was manipulated with a sharp metal tip
under an optical microscope.
FIG. 4. ~a! Experimental setup for optical near-field imaging in contact
mode and ~b! the optical near-field image of the resist patterns on a Si
substrate using the fabricated probe with approximately 400-nm aperture
~image size 535 mm2!.
 AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
3022 Appl. Phys. Lett., Vol. 79, No. 19, 5 November 2001 Minh et al.coupled into the other end of the fiber probe, and illuminates
the tip to form near-field light at the aperture. Scattered light
with the sample was collected by an objective, detected by a
photomultiplier tube ~PMT! and the photon signal was
lock-in amplified. The sample is raster scanned under the
probe by applying a driving signal to an XYZ piezoscanner
without any z-feedback control. The recorded optical near-
field image of the resist patterns on a Si substrate with the
fabricated probe is shown in Fig. 4~b!. A resolution of
250-nm was obtained from the cross section of the image.
The resolution of the image is not very high since the aper-
ture of the probe was large in this experiment ~around 400
nm!. However, the possibility of the optical near-field appli-
cations of the proposed probe is optimistic. The probe can
also be operated in a collection mode where an evanescent
field light on the sample is collected by the aperture.
As previously mentioned, since the probe consists of a
flexible cantilever at the end, it can operate in contact mode
without any z-feedback control. This should be advantageous
for utilizing the structure for data storage. Moreover, with
this structure, a simplified setup for monitoring of the tip–
sample distance using the probe itself can be expected. To
confirm this principle, the following experiment was per-
formed as shown in Fig. 5~a!. The probe is mounted in a
piezoelement in a vacuum chamber with pressure of 3
31022 Torr. The probe ~cantilever! is vertically vibrated by
applying a driving voltage to the piezo. The vibration ampli-
tude of the cantilever is monitored by a displacement sensor
connected with a network analyzer. The far-field light that is
reflected back by the tip of the cantilever and passed through
the core of the fiber is detected by a PMT through a photo-
coupler. The optical signal of the PMT is recorded by the
network analyzer. Figures 5~b! and 5~c! show the amplitude
of the vibration measured by the displacement sensor and the
optical signal detected by the PMT, respectively. It is shown
that the peaks in both Figs. 5~b! and 5~c! show the mechani-
cal resonant peak of the cantilever. It is seen that a very small
mechanical oscillation of 3.5-nm could be detected with this
measurement. Comparing Figs. 5~b! and 5~c!, a detectable
minimum deflection of the cantilever of 0.5-nm can be ad-
dressed with reflected far-field signal. This means that the
hybrid optical fiber-apertured cantilever can serve as a self-
distance modulation probe. By keeping the reflected light
intensity at a constant value, one may keep the tip–sample
distance constant using a feedback loop. It should be noted,
however, that the mechanical quality factor of the cantilever
was very low, about 8–10 in atmosphere because of the air
damping and the mechanical energy loss of the cantilever.
After the etching of the Si base, the SiO2 cantilever was
slightly bent due to the internal stress. However, the bending
of the SiO2 cantilever can be balanced with the metallic
opaque layer.
What we want to address in this letter is that a combi-
nation of optical fiber and micromachined cantilever can be
utilized as a NSOM probe to take the advantages and elimi-
nate the disadvantages of the fiber and the cantilever. The
fabrication process is quite simple. A hybrid lensed fiber
bundle and apertured cantilever array is under development
for high speed optical near-field imaging, processing, or data
storage.
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